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The present article gives certain new data obitained on the action of
carbon tetrachloride, trichlorobromomethane, and other polyhalogen deriva-
tivés of paraffins on alkyl esters of phenylphosphonous acid.

It is of interest to note that the esters of phenylphosphonous acid ex-
trémely readily react with carbon tetrachloride as follows:
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The reaction is conducted in the cold. It has been established that the
first members of the ‘series of phenylphosphonous esters react so vigorously
that it is occasionally necessary to apply external cooling.

Certain experimental data on the obtalned esters of phenyltrichloro-
methylphosphonic acid are presented in Table 1.

The first two esters of phenyltrichloromethylphosphonic a~id obtained
are in crystalline form: the third and fourth are colorless liquids having
a characteristic odor.

Further, a study was made of the interaction of trichlorobromomethane
and the ethyl ester of phenylphosphonous acid. The reaction itself is of a
vigorovs type followed by the evolution of ethyl bromide and formation of
ethyl esters of phenyltrichloromethylphosphonic acid.

The reaction of the same initial ester with carbon tetrachloride is
accompanied by extensive generation of heat, separation of ethyl bromide,
and formation of a dark brown liquid of a heavy consistency which does not
crystallize in a desiccator even if kept there for a long time. All at-
tempts to subject this liquid to vacuum distillation have failed.

Numeroua. experiments set up to study the interaction of tetrachloro-
ethane and perchloroethylene with esters of phenylphosphonous acid con-
ducted under the same temperature conditions have failed to give any posi-
tive results.

Table 1
e Formula Temp Bp at 1 mm dg nOD Yield
s N i'ch zﬁcs — ——
oo’
GHS::; P —OCH 108 Decomposes -- -- 61
cc1z” b
CcH
6 5\P0C2H5 79 1h7-148 -- - 66
celg |
]
c !
65— POC.H,-n - 150-152 1.3078 1.40k5 70
/“ 377 :
cery - .
CgH :
65 pocgraiso - 155-156 1.2861 1.4995 58
6H
cCl3 i

Recently, when most of the above study had been completed, 1t came to
my knowledge that English chemists (2) had suggested a new method for the
s phosphorization of amines, namely treating dialkylphosphorous acids with
carbon tetrachloride and the amine in question as follows:

I (RO)%H-{-CClu_—'— B—+(RO)2PCC‘.3+ B . HCY

II  (RO),PCCl3+ HNR'R"—}(RO)gPNR'R" + CHCl,
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As can be seen from the above, the esters of +trichloromethylphosphonic
acid appear as in imtermediate product of tae reaction. However, the authors
have failed in their efforts to isolate these esters as an end product.

The * - attempt to prepare these esters by direct action of carbon tetrachloride

on triethylphosphite has failed as well.

The results of my research along this line have demonstrated that the
reaction of triethylphosphite and other anslogous esters of phosphorous acid
with carbon tetrachloride takes place at increased temperatures under forma-
tion of alkyl esters of trithloromethylphosphonic acid, while the esters of
phenylphosphonous acid react vigorously even at room temperature, accompanied
by the formation of phenyltrichlor‘omethylphosponic acid esters.

My subsequent experiments on the action of amines {amiline or amylamine)
on already formed esters of phenyltr1shlormethylphosphonic acid led to the
seme end products obtained by the English chemists. Thus, according to re-
sults of my latest experiments, the interaction of carbon tetrachloride with
diakylphosphorous acid in the presence of amines has been correctly inter-

preted by them.
When phenyltrichloromethylphosphonic acid esters are heated with con-

centrated hydrochloric acid, they saponify and evclve alkylchloride, carbon
dioxide, and phenylphosphonous ac1d according to the following equation:

Cefls PHL0 O
. P—OR -py— ——FRC14CHSP(OH)2+C0p
© ccr3" &
Experimental Part S

g The starting materials, i.e., the esters of phenylphosphénou’s acid,
were obtained through the action of phenyldichlorophosphine on the corres -
Elcohols in the presence of dimethylaniline. The bgsic physical

constants of these esters are given in Table 2.

Table 2 ¢
P Bp at 10-12 .
. Formula m (°c) ag ng ¢
c6H5P(00113)2 9l4-9k.5 1.0972 1.5118
<:61515P(oc2115)2 110-111 1.0405 1.5063
C6H5P(OC3H7)g-n 132.5-133.5 1.0123 1.4939
06“5“(00@9)2-150 1hko1ks 1.0060 1.4658

Preparations of Phenylchloromethylphosphonic Acid Methyl Ester

Eighteen grams of carbon tetrachloxide were placed in a flask equipped
with a reflux condenser. Into the same flask were gradually added 20 g of
phenylphosphonous acid methyl ester. The reaction was accompanied by gener-
ation of heat. After the entire gquantity of phenylphosphonous acid methyl
ester was put into the flask, the flask was heated for 3 hr in a hot-water
bath. ‘During this reaction, methylchloride was formed in quantity. After
cooling, the obtained substance crystallized. These colorless crystals
melted at a temperature of 108 deg. The yleld was 61 per .ent of the

theoretical.




" Sanitized opy Approed for Release 2011/08/25 : CIA-RP80-00809A0060400229-3
. . 1

SECRE 50X1-HUM

S-E-C-R-E-T

0.1260 g of gubstance: 0.1974 g AgCl
0.1006 g of substence; 23.15 ml NaOH (1 ml NaOH = 0.4971 mg P)
Found (in %): C1 38.76; P 11.45

C838°2013‘" Calculated (in %): Cl 38.90; P 11.35

The substance is soluble in benzene, ether, dioxane, and alcohol.

Preparation of Phenyltrichloromethylphosphonic Acld Ethyl Ester

From 15 g of carbon tetrachloride and 19.2 g of phenylphosphonous acid
ethyl ester was obtained the phenyltrichlorcmethylphosphonic acid ethyl ester.
The reactio: vas accompanied by heat generation; extermal cooling was needed e
occasionally. 8ix or seven grams of ethyl chloride were formed, which is
almost the theoretical quantity. The mass remaining in the flask was dis-
tilled in vacuum. The boiling point of the main fraction was 147-148 deg
at 1 mm. The substance crystalli.ed in the receiver. The melting point
of the colorless crystals was 79 deg. The yield of the pure substance
amounted to 18 g, or about 66 percent of the theoretical.

0.1554 g of substance; 0. 231k g AgCl

0.1266 g of substance. 28 ml NaOH
(1 ml NeOH=0.4791 mg P)

Found {in %): Cl 36.84; P 10.94
© (3 Yo .
09H1002013 . Calculated (in %): €437.00; P 10.79
The phenylteichloromethylphosphenic acid ethyl ester may be dissolved

in a great number of organic solvents, and reacts with aniline ard emyla-
mine, generating heat and forming crystallized aminophosphates.

Preperation of Phenyltrichloromethylphosphonic Acid n-Propyl Ester

The interaction of 15 g of carbon tetrechloride with 21 g of phenyl- .
phosphonous acid n-propyl ester produced the phenyltrichloromethylphos- :
phonic acid n-propyl ester. TlLe propyl chloride was removed from the
flask under normal pressure. The remaining liquid was subjected to vacuum
distillation. The boiling point was found to be 150-152 deg at 1 mm.

Yield of the substance was about 7O percent of the theoretical.

0.1240 g of substance: 26.3 ml NaOH(1#l NaOH e 0.4971 mg P)
Found (in %): P 10.5k4

01031202013& Calculated {in %): 13¢_1o,29

The ester a colorless liquid of heavy consistency, has a pleasant odor
similar to chloroform. ~

“ a3 1.3078; dy‘ 1.2918; o5 1.hoks

Preparation of Phenyltrichloromethylphosphonic Acid Isobutyl Ester

From 12 g of carbon tetrachloride and 20 g of phenylphosphonous acid
was obtained the phenyltrichioromethylphosphonic acid lsobutyl ester. A
part of isobutyl chloride was removed under normal pressure and the remain-
ing substance subjected to vacuum distillation. The boiling point was es-
tablished at 155-156 deg, at 1 mm. The yield of the substance was 58 per-
cent of the theoretical.

1 Sy -
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0.1069 g of substance:  0.1454k g AgCl

0.1048 g of substance: 21.2 ml NaOH (1 ml NaOH =0.4971 mg P)

0.106L g of substance: 21.5 ml NaOH (1 ml NaOH == 0.4971 mg P)

Fouud (1n %)

CL 33.65; P 10.05: 10.0k

Calculated {in %): CL 33.72; P 9.84

ester, a colorless liquid, has a pleasant odor. It is soluble
in a large number of organic sclvents.

a8 1.2861; al3 1.2697; nl® 1.4993

Action of Trichlorobromomethane on Phenylphosphonous Acid Ethyl Ester

The trichlorobromomethane, prepared by the Paterno process, had the
following physical constants:; boiling point, 104 deg and dg 2.0551.

Ten and a half grams of trichlorobromomethane were placed in a flack
equipped with a reflux condenser. To this substance were added, drop by
drop, 10 g of phenylphosphonous acid ethyl ester. The first few drops
caused a noticeable rise in temperature. To obtain a complete reaction,
the substance in the flask was heated for an hour on a hot-water bath.
Afterward it was subjected to distillation. Under normal pressure a frac-
tion having a boiling point of 37-40 deg was obtained. Further distilla-
tion was conducted in vacuwa. The main fraction boiled at 146-148 deg
(at 1 mm) and crystallized in the receiver. The melting point of the
The yield amounted to 11.5 g of substance, i.e.,
79.6 percent of the theoretical.

crystals was 79 deg.

v

-
A mixture of this substance and phenyltrichloromethylphosphonic acid
ethyl ester had a melting point of T9 deg.

Action of Carbon T-trebromide on Phenylphosphonous Acid Methyl Ester

Fifteen grams of carbon tetrabromide in 100 ml of absolute ether were
Under efficient cooling, & solution of 8.1 g of pheiyl-
phosphopous acid methyl ester in 50 ml of absolute ether waz added by means
The reaction was of a vigorous type, accompanied

by the formation of methyl bromide, which vas collected. Almost 4.1 g of
methyl bromide were formed. After the absolute ether had been removed,
there remained in the f£iassk a heavy dark brown liquid, which could not be
vecuum distilled and did not crystallize even after considerable time.

placed in a flask.

of a dropping funnei.

Action of Carbon Tetrsbromide on Phenylphosphonous Acid Ethyl Ester

The carbon tetrabromide was produced by the Wallach process. The

melting point was 94 deg.

ourification was by vacuum distillation. Six-

teen and eight tenths g of carbon tetrsbromide in 100 ml of absolute ether
were placed in a flask equipped with a reflux condenser. Under exterior
cooling, & solution of 10 g of phenylphosphénous acid ethyl ester in 60 ml
of absolute ether was added through a dropping funnel. The reaction was
accompanied by evolution of heat. When the entire quantity of phenylphos-
phonous acid ethyl ester wae in the flask, the mass was stirred for an hour
at room temperature and then left overnight /in the same flask/. On the
following day, the ether and ethyl bromide were distilled cff.

-
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. The substance remsaining in the flask, in the form of a heavy dark
liquid, was put ina crystallizer. It did not crystallize, even after a
considerable time, nor could it be vacuum distilled. The substance is un-
stable-

sapanification of Phenyltrichloromethylphosphonic Acid Methyl Ester i

Pive grams of phenyltrichloromethylphosphonic acid methyl ester and
15 ml of concentrated hydrochloric acid were put into a sealed tube and
hested for 6 hr at a temperature of 120-130 deg. After cooling, the tube
was opened, at which time consliderab) e pressure was noticed. By repeated
evaporation with water on & water bath, the volatile products of reaction
and the hydrochloric acid were removed, whereupon the remaining substance
crystallized. After recrystallization from alcohol, the substance melted
at 158 deg and its other physical constants also corresponded to phenyl-
phosphonous acid.

Conc}usions

1. Through the reaction of carbon tetrachloride with phenylphosphonous
acid esters, there were obtained and analyzed new compounds, namely various
esters of phenyltr1chloromethylphosphon1c acid.

St

2, Tt vas ascertained that trichlorobromomethane reacts with phenyl-
phosphonous acid ethyl ester, yielding ethyl bromide and forming phenyl-
trichloromethylphosphonic acid ethyl ester.

3. It wvas also established that carbon tetrabromide reacts with phenyl-

phosphonous acid esters, yielding alkyl bromide and forming a liquid of
heavy consistency vwhich cannod be distilled in vacuum.
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